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ABSTRACT 

Scale p a t t e r n  ana lys i s  was shown t o  be an e f f e c t i v e  t o o l  f o r  d i s c r i m i n a t i n g  
between B r i s t o l  Bay and North Peninsula stocks i n  t he  2.3 age c lass  i n  t h e  Nor th  
Peninsula sockeye salmon f i s h e r i e s  i n  1988. This  age c lass  was the  most abundant 
one i n  t he  1988 North Peninsula f i s h e r y .  Using scale p a t t e r n  ana lys i s  i n  1988, 
no evidence o f  i n t e r c e p t i o n  o f  B r i s t o l  Bay sockeye salmon was found i n  the  Harbor 
Po in t  t o  Cape Seni av in  areas i n  t h e  t ime  when in te rcep t i ons  were considered most 
1  i ke ly .  A1 t e r n a t i v e l y ,  some evidence was found f o r  i n t e r c e p t i o n s  i n  t h e  Cape 
Seniav in t o  Strogonof Po in t  f i she ry ,  w i t h  i n te rcep t i ons  comprising up t o  50% o f  
t he  harves t  i n  t h i s  area a f t e r  J u l y  5 th  - -  when f i s h i n g  was al lowed nor theas t  
o f  the  Three H i l l s  Sect ion. Th is  change i n  boundary 1  ines  i s  considered the  most 
1  i k e l y  expl ana t i  on f o r  t h e  increased i n t e r c e p t i o n .  I n  1988, du r ing  f i r s t  sampl i ng 
o f  t h e  Cape Seniav in t o  Strogonof Po in t  f i s h e r y  f o l l o w i n g  t h i s  nor theastern 
opening, an est imated 66% o f  t he  age 2.3 sockeye salmon were bound f o r  B r i s t o l  
Bay. Making assumptions about the  o the r  age classes and the  f i s h  represented by 
the  sample, an est imated 45% o f  t he  Cape Seniavin t o  Strogonof Po in t  harvest,  
a f t e r  t he  opening nor theas t  o f  t he  Three H i l l s  Sect ion, were f i s h  o f  B r i s t o l  Bay 
o r i g i n .  Th i s  t r a n s l a t e s  t o  approximately 296,000 B r i s t o l  Bay bound sockeye 
salmon. Subsequently, a  l e s s  d e t a i l e d  ana lys is  o f  scale samples from t h e  Cape 
Seniav in t o  Strogonof Po in t  f i s h e r y  i n  1987 and 1989 was used t o  est imate the  
p ropo r t i on  o f  B r i s t o l  Bay sockeye salmon i n  major year classes immediately a f t e r  
t he  opening nor theas t  o f  t he  Three H i l l s  Sect ion i n  these years. On J u l y  5th, 
1989, an est imated 36% o f  t he  sockeye salmon caught i n  t h e  Cape Seniav in t o  
Strogonof Po in t  area were est imated t o  be o f  B r i s t o l  Bay o r i g i n .  Dur ing the  week 
con ta in ing  J u l y  7th, 1987, an est imated 25% o f  sockeye salmon i n  t h e  Cape 
Seniav in t o  Strogonof Po in t  f i s h e r y  were est imated t o  be o f  B r i s t o l  Bay o r i g i n ,  
w i t h  t h i s  est imated p ropo r t i on  c l imb ing  t o  42% du r ing  the  week con ta in ing  J u l y  
14th. 



INTRODUCTION 

For several years, members o f  t he  B r i s t o l  Bay g i l l n e t  f l e e t  (Area T f i s h e r i e s )  
have mainta ined t h a t  sockeye salmon bound f o r  B r i s t o l  Bay have been i n te rcep ted  
by f ishermen 1 icenced t o  f i s h  i n  t he  d i s t r i c t s  o f  the  North Peninsula area (Area 
M f i s h e r i e s ) .  There have been complaints by Area T fishermen o f  i n t e r c e p t i o n s  
o f  B r i s t o l  Bay bound sockeye salmon southwest o f  Strogonof Po in t  (see F igure  1.) .  
I n  1988, t h e  managers o f  t he  North Peninsula area began a program o f  scale 
p a t t e r n  ana lys i s  t o  a l l ow  i d e n t i f i c a t i o n  o f  t he  stocks harvested i n  t h e i r  area. 
Because t h e  B r i s t o l  Bay area had such a program i n  p lace i t  became poss ib le  t o  
combine the  da ta  from both areas and est imate the  ex ten t  o f  t he  i n t e r c e p t i o n s  
i n  t he  North Peninsula f i s h e r i e s .  I n  1989, low r e t u r n s  t o  the  Bear R iver  System 
caused c losures  i n  these nor thern  North Peninsula f i s h e r i e s .  Even so, a l i m i t e d  
f i s h e r y  prov ided a sample o f  scales t h a t  again pe rm i t t ed  an est imate o f  t h e  s tock  
composit ion near Strogonof p o i n t  a f t e r  t h e  opening o f  f i s h i n g  nor theas t  o f  t he  
Three H i l l s  Sect ion. F i n a l l y ,  scales c o l l e c t e d  i n  1987 t h a t  had p rev ious l y  n o t  
been analyzed were examined t o  a l l ow  est imates o f  the  s tock  composit ion near 
Strogonof Po in t  on J u l y  7 t h  and 14th, 1987 - -  a f t e r  t he  opening nor theas t  o f  t he  
Three H i l l s  Sect ion. 

The North Peninsula i s  d i v i d e d  i n t o  two d i s t r i c t s :  t he  Northwestern D i s t r i c t ,  
from Mof fe t  Po in t  t o  Cape Sar ichef ,  and t h e  Northern D i s t r i c t ,  from t h e  Southern 
most t i p  o f  Mo f fe t  Po in t  t o  Cape Menshikof. D r i f t  g i l l n e t  gear i s  used throughout 
t he  North Peninsula, w i t h  se tne t  s i t e s  throughout t he  Northern D i s t r i c t  except 
t he  Three H i l l s  Sect ion and the  Bear R iver  Sect ion. Sein ing i s  al lowed i n  t h e  
Herendeen Bay Sect ion and t h e  Bear R iver  Sect ion. I n  June, t he  m a j o r i t y  o f  t h e  
d r i f t  g i l l n e t  e f f o r t  i s  i n  t he  South Unimak f i s h e r y  ou ts ide  o f  t h e  North 
Peninsula area. A f t e r  June, the  m a j o r i t y  o f  t he  d r i f t  g i l l n e t  e f f o r t  i s  i n  t h e  
Por t  M o l l e r  t o  Strogonof Po in t  f i s h e r i e s  i n  the  North Peninsula (McCullough, I n  
Press).  

Our i n v e s t i g a t i o n  invo lved an ana lys is  o f  t he  pa t te rns  o f  t he  scales o f  sockeye 
salmon c o l l e c t e d  from t h e  escapement o f  t he  s p e c i f i c  B r i s t o l  Bay and North 
Peninsula systems, and subsequently the  comparison o f  t h e  pa t te rns  o f  these 
scales w i t h  the  scales o f  f i s h  harvested i n  se lec ted  North Peninsula f i s h e r i e s .  
The ana lys i s  i s  based on the  premise t h a t  t he  scales o f  f i s h  o f  d i f f e r e n t  s tocks 
w i l l  be s u b t l e t y  d i s s i m i l a r ;  i f  so, s t a t i s t i c a l  techniques can be used t o  
determine the  p r o b a b i l i t y  t h a t  a scale from the  catch was from one o f  a l i m i t e d  
number o f  stocks. When many scales from t h e  catch are analyzed i n  t h i s  fashion, 
t he  number o f  f i s h  from each stock can be estimated. This  type o f  ana lys i s  has 
been used f o r  many years t o  p rov ide  est imates o f  f i s h e r y  s tock  composit ion i n  
A1 askan sockeye f i s h e r i e s  (Marshal l ,  e t  a1 ; 1987). Our charge was two- fo ld :  f i r s t  
t o  r e p o r t  on whether B r i s t o l  Bay stocks have scales d i s s i m i l a r  t o  North Peninsula 
stocks, so t h a t  scale p a t t e r n  ana lys is  can be used t o  est imate t h e  p ropo r t i on  
o f  B r i s t o l  Bay f i s h  i n  t he  North Peninsula; and secondly, t o  generate these 
est imates, i f  poss ib le .  

S t r a t y  (1975) reviewed what was known a t  the  t ime o f  h i s  w r i t i n g  about t h e  e n t r y  
o f  B r i s t o l  Bay bound f i s h  from t e s t  f i s h i n g  and tagging s tud ies .  He concluded, 
"...it i s  c l e a r  t h a t  sockeye salmon bound f o r  B r i s t o l  Bay do n o t  f o l l o w  a r o u t e  
c lose  inshore, a t  l e a s t  n o t  westward o f  Cape Seniavin." He went on t o  s t a t e  
t h a t ,  "Ear ly  tagging experiments i n  t he  v i c i n i t y  o f  Cape Seniav in by G i l b e r t  



coasta l  waters. These r e s u l t s  were conf irmed by a d d i t i o n a l  tagg ing  s tud ies  
c a r r i e d  ou t  i n  t h e  same waters by Rich (1926)." 

Based on S t r a t y ' s  conclusions, we decided t o  focus our search f o r  B r i s t o l  Bay 
stocks i n  t h e  two northern-most s u b d i s t r i c t s :  Harbor p o i n t  t o  Cape Seniavin, and 
Cape Seniav in t o  Strogonof Po in t .  We f i r s t  searched f o r  t he  Ugashik stock. 
Because o f  i t s  geographical p rox im i t y  t o  t he  North Peninsula, we f e l t  t h a t  t h i s  
s tock  should be the  most abundant o f  t he  B r i s t o l  Bay stocks i n  t h e  North 
Peninsula catch. We reasoned a1 so t h a t  B r i  s t01 Bay i n t e r c e p t i o n s  would 1 i k e l y  
be found e a r l y  i n  t he  season, because the  B r i s t o l  Bay t im ing .  For example, from 
1956 t o  1975 the  average date a t  which 50% o f  t he  Ugashik run  had passed the  
count ing  tower i n  t h e  Ugashik R iver  was J u l y  16th, and t h e  average date  a t  which 
50% o f  t h e  Egegik had passed the  count ing tower was J u l y  10th. S i m i l a r l y ,  t he  
1 a t e s t  t he  Ugashi k  run  had 90% passed a t e s t  f i s h e r y  i n  the  Ugashi k  River,  du r ing  
these years, ranged from J u l y  18th t o  J u l y  5 th  (P.R. Mundy and O.A. Mathisen, 
i n  an 197.7 unpubl ished U n i v e r s i t y  o f  Washington techn ica l  r e p o r t :  Handbook o f  
B r i s t o l  Bay Sockeye Salmon Management.). I n  our i n v e s t i g a t i o n  we i n i t i a l l y  
focused on the  1988 f i she ry ,  and looked f o r  i n te rcep t i ons  o f  B r i s t o l  Bay bound 
f i s h  i n  North Peninsula f i s h e r i e s  before and du r ing  s t a t i s t i c a l  weeks 26-29 (June 
19th t o  J u l y  16th) .  A f t e r  examining the  1988 f i s h e r y  i n  some d e t a i l ,  we examined 
scales from t h e  1989 and 1987 f i s h e r i e s  i n  the  t imes and areas considered t o  
have t h e  h ighes t  p o t e n t i a l  f o r  B r i s t o l  Bay i n te rcep t i ons ,  based on the  1988 
r e s u l t s .  

MATERIALS AND METHODS 

Sockeye salmon from t h e  escapement o f  f o u r  North Peninsula systems were sampled 
du r ing  t h e  summer o f  1988; these systems were Bear River,  Sandy Lake, I l n i  k  
Lagoon, and Meshik River .  I n  1988, a sample o f  f i s h  harvested i n  Nelson Lagoon 
was c o l l e c t e d  and assumed t o  represent  f i s h  t h a t  would escape t o  t h e  Nelson 
River .  A subsample o f  approximately 100 o r  200 scales from the  stocks w i t h  a 
l a r g e  component o f  t h e  s p e c i f i e d  age c lass  o f  each North Peninsula escapement 
o f  i n t e r e s t  was d i g i t i z e d ,  and the  r e s u l t i n g  measurements recorded. (For age 2.2 
and age 2.3 o n l y  Bear R iver  and Nelson Lagoon stocks were considered from the  
North Peninsula) .  Scales were s i m i l a r l y  se lected and d i g i t i z e d  f o r  t h e  Ugashik, 
Naknek and Egegik systems i n  B r i s t o l  Bay i n  1988. I n  the  1989 and 1987 analys is ,  
on l y  t h e  Ugashik system was considered, based on the  r e s u l t s  o f  t h e  1988 
ana lys is .  

The p r o b a b i l i t y  o f  s e l e c t i o n  o f  a scale i n  t he  sample from each escapement was 
approximately p ropo r t i ona l  t o  t h e  number o f  f i s h  counted i n  t he  escapement du r ing  
the  week the  scale was co l l ec ted .  A p a r t i a l  d e s c r i p t i o n  o f  t he  sampling can be 
found i n  McCullough (1989) and McCullough ( In  Press).  The f i s h e r y  sample was 
obta ined f rom tenders t h a t  had operated i n  the  s t a t i s t i c a l  areas i n  quest ion. 
The tenders were sampled a t  t h e  Por t  Mo l l e r  cannery i n  Por t  Mo l l e r .  When 
poss ib le ,  t he  e n t i r e  sample f o r  a week was c o l l e c t e d  on the  Monday o f  t h a t  week. 
This  sample was used t o  charac ter ize  the  harvest  f o r  t he  s t a t i s t i c a l  week 
beginning each Sunday. 

Ages are  repo r ted  here us ing  European n o t a t i o n  as described by Koo (1962). Dates 
are o f t e n  r e f e r r e d  t o  us ing  ADF&G s t a t i s t i c a l  weeks (McCul 1 ough, 1989; I n  P r e s s ) .  
I n  1988, t h e  Nor th  Peninsula harvest  was made up o f  age classes 1.3, 2.2, and 



2.3 almost exclusively; only these age classes were considered as candidates for 
analysis. Initial aging of the 1988 samples for the North Peninsula stocks was 
done by the Kodiak staff of the Alaska Department of Fish and Game (ADF&G), while 
all Bristol Bay aging and all digitizing in 1988 was done by the Bristol Bay 
staff of ADF&G, in Anchorage. Because any differences in aging methods or in 
digitizing techniques could introduce disastrous biases, in each year only a 
single technician digitized all scales. In 1988 the same technician re-aged a 
sample 545 of the North Peninsula scales. The results of the re-aging can be 
found in Table 1. 

Variable names follow the convention used in other ADF&G scale pattern work. 
These names are outlined in various internal ADF&G memoranda (e.g., an 
unpublished manuscript entitled: Programs for Performing A Linear Discriminant 
Function Analysis of Scale Patterns Data From Species With Freshwater Growth, 
by Robert Conrad, 1985) and can be found in Appendix Tab1 e 1. In a1 1 age cl asses, 
re1 ative distances (i .e., the distance from one focus to another as a proportion 
of the width of the zone the foci resided in) were used rather than absolute 
distances (i .e. the distance in mm between foci). The number of variables under 
consideration was further reduced using stepwise discriminant analysis by means 
of the SAS procedure PROC STEPDISC (SAS Institute, 1987), and a different set 
of variables was adopted in each year and age class. For the actual fisheries 
mixture, the number of variables selected for the final classification model was 
restricted to 10 or fewer. After variable selection with stepwise discriminant 
analysis, box and whisker plots (Chambers, et a1 . 1983) were made of a1 1 selected 
variables, by stock. Variables with obvious pathology (e.g., negative distances 
or extreme outliers) were either corrected or excluded, and the variable 
selection process restarted. 

Stock separation models were constructed using linear discriminant analysis using 
the method of Fisher (Johnson and Wichern, 1982). In 1988, polynomial and 
nonparametric models were tested because of an obvious lack of normal ity and 
potentially dissimilar covariance matrices. These models gave similar results 
to the 1 inear discriminant analysis, so the simpler 1 inear discriminant analysis 
was used following the convention used previously in sockeye salmon stock 
separation work by ADF&G. The nearly-unbi ased cl assi fication matrix, or 
''confusion matrix, " was generated using the Lachenbruch's holdout procedure 
(Johnson and Wichern, op. cit.) 

In 1988, the suitability of an age class for estimation of proportional Bristol 
Bay vs. North Peninsula compositions of the catch was judged based on 
classification accuracy, the Mahalanobis distance (Morrison, 1976) between 
stocks, and the relative importance of the age class in the harvest. 

In 1988, a priori, or prior, probabilities for Bristol Bay stocks were set to 
low values (e.g., total prior probability for all Bristol Bay stocks summing to 
.lo). This was based on the reasoning that the burden of proof went to the claim 
that Bristol Bay fish were being intercepted in the North Peninsula following 
the results of Straty (op. cit.), as discussed above. In fact, separation was 
adequate in the actual age classes examined in detail, and equal priors gave 
nearly the same results as when low prior probability was given to Bristol Bay 
stocks. In all years, the adjustment procedure of Cook and Lord (1978) was used 
on the final proportions, as is the custom in scale pattern analysis of Alaskan 
sockeye salmon (Marshal, et a1 . 1987). Foll owing the Cook and Lord adjustment, 



est imated stock p ropo r t i ons  were rounded t o  assure p ropo r t i ons  were g rea te r  then 
zero and summed t o  one. 

I n  1988, a  boots t rap  (Efron, 1982) hypothesis t e s t  was constructed t o  assess the  
approximate s t a t i s t i c a l  s i g n i f i c a n c e  o f  t h e  est imated p ropo r t i on  o f  B r i s t o l  Bay 
stocks i n  t he  North Peninsula f i s h e r i e s ,  r e l a t i v e  t o  the  hypothesis  t h a t  nonzero 
p ropo r t i ons  were due t o  random m i s c l a s s i f i c a t i o n  e r r o r .  Two se ts  o f  150 scales 
from t h e  age 2.3 Bear R iver  and Nelson Lagoon samples were se lec ted  independently 
o f  scales used t o  develop the  d i sc r im inan t  models. A l l  o f  t he  Bear R iver  scales, 
and 37 o f  t he  Nelson R iver  scales were combined t o  g i v e  a  m ix tu re  o f  
approximately 80% Bear R iver  "knowns", 20% Nelson Lagoon "knowns", and 0% B r i s t o l  
Bay "knowns". From t h i s  mix ture  a  sample o f  100 scales was se lec ted  randomly, 
w i t h  rep1 acement, and c l a s s i f i e d  us ing  t h e  d i sc r im inan t  f u n c t i o n  used t o  c l a s s i f y  
t he  f i s h e r y  samples. The p ropo r t i on  o f  t he  known m ix tu re  c l a s s i f y i n g  t o  B r i s t o l  
Bay was recorded, and the  process was r e p l i c a t e d  1000 t imes. Th is  r e s u l t e d  i n  
a  d i s t r i b u t i o n  o f  est imated propor t ions  o f  f i s h  c l a s s i f y i n g  t o  B r i s t o l  Bay, when 
t h e  t r u e  p r o p o r t i o n  was i n  f a c t  0. This  d i s t r i b u t i o n  i s  subsequently r e f e r r e d  
t o  as the  boots t rap  d i s t r i b u t i o n .  To s i m p l i f y  t he  computation, t he  Cook and Lord 
procedure was no t  used. ( I t  took  approximately 6  hours us ing  SAS on a  Compaq 
386/20 computer w i t h  a  80386 coprocessor t o  generate t h i s  boots t rap  
d i s t r i b u t i o n . )  Fo l lowing the  development o f  the  d i s t r i b u t i o n  o f  t h e  est imated 
p ropo r t i on  c l a s s i f y i n g  t o  B r i s t o l  Bay from the  mix ture  known t o  con ta in  0% 
B r i s t o l  Bay scales, approximate P-values were assigned t o  the  est imated B r i s t o l  
Bay component from each North Peninsula f i s h e r y  s tudied,  based on the  boots t rap  
d i s t r i b u t i o n  o f  p ropor t ions  c l a s s i f y i n g  t o  B r i s t o l  Bay before  the  Cook and Lord 
adjustment. 

RESULTS 

The 1988 Fishery 

The weekly North Peninsula harvest  and the  est imated p r o p o r t i o n  o f  each age c lass  
i n  t he  catch based on scale p a t t e r n  aging are l i s t e d  i n  Table 2. Not ice  from 
t h i s  t a b l e  t h a t  t he  2.2 and 2.3 age classes made up the  m a j o r i t y  o f  t h e  harvest  
i n  a l l  weeks i n  t he  Harbor Po in t  t o  Strogonof Po in t  f i s h i n g  d i s t r i c t s ;  t he  
p ropo r t i on  o f  age 2.x sockeye salmon ranged from a  low o f  65% (Harbor P t .  t o  
Cape Seniav in Fishery, s t a t i s t i c a l  week 23-24) t o  a  h igh  o f  95% (Harbor Pt. t o  
Cape Seni a v i n  Fishery, s t a t i s t i c a l  week 35). The est imated age composit ion o f  
t h e  escapement o f  B r i s t o l  Bay stocks i n  1988 i s  shown together  w i t h  t h e  age 
composit ion o f  North Peninsula stocks and e a r l y  harvest  i n  t he  North Peninsula 
i n  Table 3. Because o f  the  l a r g e  numbers o f  2.2 and 2.3's i n  t h e  catch, we 
concluded t h a t  o n l y  B r i s t o l  Bay stocks w i t h  a  1  arge 2.2 o r  2.3 component were 
p o t e n t i a l l y  i n te rcep ted  i n  l a r g e  numbers i n  the  North Peninsula f i s h e r i e s .  Th is  
l e f t  Ugashik, Naknek, and Egegik as p o t e n t i a l  candidates f o r  f u r t h e r  s tudy o f  
these age classes. This  agrees w i t h  what would be expected based on geography, 
as these are  the  th ree  B r i s t o l  Bay stocks c loses t  t o  t he  North Peninsula f i s h e r y .  
Based on age c lasses alone, we f e e l  con f i den t  t h a t  the  present evidence would 
no t  support t he  c l a i m  t h a t  any B r i s t o l  Bay stocks, o ther  than p o s s i b l y  t h e  th ree  
immediately t o  t h e  nor theas t  ( t h i s  p o s s i b i l i t y  t o  be discussed below), were 
i n te rcep ted  i n  1  arge numbers i n  t he  North Peninsula sockeye salmon f i s h e r i e s  i n  
1988. 



The Ana lys is  o f  t h e  1988 2.2 Age Class: 

Because o f  t he  low occurrence o f  t h i s  age c lass  i n  North Peninsula s tocks o the r  
than Nelson Lagoon and Bear River,  on l y  these two stocks were considered from 
t h e  Nor th  Peninsula; i n  the  i n i t i a l  phases o f  t he  analys is ,  o n l y  Ugashik s tock  
was inc luded from B r i s t o l  Bay. The Mahalanobis d is tance and t h e  confus ion m a t r i x  
f o r  an i n i t i a l  model i s  g iven i n  Table 4a and 4b. This  model used 14 va r iab les  
i n c l u d i n g  f i s h  l e n g t h  which could n o t  be used t o  a c t u a l l y  c l a s s i f y  sockeye salmon 
caught i n  a g i l l n e t  f i s h e r y .  Not ice  t h i s  three-way model r e s u l t e d  i n  a f a i r  
amount o f  confus ion between Ugashi k and Nelson River,  w i t h  14% o f  scales o f  t he  
Nelson Lagoon s tock  c l a s s i f i e d  t o  the  B r i s t o l  Bay Ugashik stock. Based on these 
r e s u l t s ,  we decided t o  n o t  pursue scale p a t t e r n  ana lys is  f o r  t h i s  age c lass,  f o r  
t h e  1988 catch, u n t i l  t he  r e s u l t s  o f  t he  i n i t i a l  ana lys is  o f  t h e  2.3 age was 
f i n i shed .  We decided t o  d i r e c t  e f f o r t s  t o  2.3 age c lass,  i f  t h i s  age c lass  gave 
b e t t e r  c l a s s i f i c a t i o n  accuracy. 

The Ana lys is  o f  t he  1988 2.3 Age Class: 

I n  t h e  i n i t i a l  phases o f  the  analys is ,  Ugashik s tock  from B r i s t o l  Bay was 
inc luded i n  a model w i t h  Nelson Lagoon and Bear River .  This  model showed g rea te r  
promise than the  2.2 age c lass.  Tables 5, 6a and 6b g i v e  the  Mahal anobi s d is tance 
and t h e  confus ion mat r ices  f o r  a model conta in ing  seven c l a s s i f i c a t i o n  va r iab les .  
Table 7 g ives  t h i s  model. The o v e r a l l  c l a s s i f i c a t i o n  accuracy (us ing 
Lachenbruch' s ho ldout  procedure) was 88%. Bear R iver  and Nel son Lagoon c l  ass i  f i e d  
2%, and 6%, respec t i ve l y ,  t o  t he  Ugashik system, and Uqashi k c l a s s i f i e d  8% and 
20%, respec t i ve l y ,  t o  t he  two North Peninsula systems. 

Because o f  t he  l a r g e  propor t ions  o f  age 2.3 i n  the  f i s h e r i e s  o f  i n t e r e s t ,  and 
because o f  t he  encouraging r e s u l t s  separat ing Ugashik from the  North Peninsula 
s tocks w i t h  a 1 arge 2.3 component, Naknek and Egegi k stocks were a l so  inc luded 
i n  the  model. A model w i t h  f i v e  stocks would be expected t o  have a f a i r  amount 
o f  m i s c l a s s i f i c a t i o n ,  al though even w i t h  a l l  f i v e  stocks the  model was showing 
78% accuracy. I n  t h e  f ive-way model, Naknek scales c l a s s i f i e d  t o  North Peninsula 
systems 25% o f  t h e  t ime, w h i l e  9% and 7% o f  t he  Bear R iver  and Nelson Lagoon 
scales, respec t i ve l y ,  c l a s s i f i e d  t o  Naknek. See Table 8 f o r  t h e  confus ion ma t r i x .  

The scales from the  harvest  were c l a s s i f i e d  from f i v e  se lec ted  harvest  s t r a t a :  
two e a r l y  per iods  i n  t he  Harbor Po in t  t o  Cape Seniav in area, and th ree  per iods  
i n  t h e  Cape Seniavin t o  Strogonof Po in t  area. The two per iods i n  t he  Harbor 
Po in t  t o  Cape Seniav in f i s h e r y  were combined s t a t i s t i c a l  weeks 26-27 (June 19th - 
J u l y  2nd) and s t a t i s t i c a l  week 28 ( J u l y  3 r d  - J u l y  9 th) .  The th ree  per iods  i n  

t h e  Cape Seni a v i n  t o  Strogonof Po in t  were combined s t a t i  s t i c a l  weeks 26-27, 
s t a t i s t i c a l  week 28, and s t a t i s t i c a l  week 29 ( Ju l y  10th - J u l y  16th) .  Even though 
t h e  northern-most f i s h e r i e s  l y i n g  above the  Three Hi1 1 s Sect ion opened du r ing  
s t a t i s t i c a l  week 28, t he  f i r s t  sample t h a t  contained these f i s h  was taken a t  t he  
beginning o f  s t a t i s t i c a l  week 29. The notab le  r e s u l t s  are t h a t  the  Harbor p o i n t  
t o  Cape Seniav in scales c l a s s i f i e d  over 96% t o  Bear R iver  and Nelson Lagoon 
( s l i g h t l y  l e s s  i n  t h e  f ive-way models f o r  both o f  t h e  e a r l y  per iods) .  I n  bo th  
cases t h e  p ropo r t i on  c l a s s i f y i n g  t o  B r i s t o l  Bay i s  w i t h i n  the  range o f  expected 
m i s c l a s s i f i c a t i o n  e r r o r .  (approximate bootst rap P-val>.5). However, i n  t h e  Cape 
Seniav in t o  Strogonof Po in t  f i she ry ,  us ing  the  th ree  stock model, t he  percentage 
o f  North Peninsula bound sockeye salmon was est imated t o  be 90% and 85% t h e  f i r s t  

1 The h igh  m i s c l a s s i f i c a t i o n  of Ugashik i s  due t o  t h e  h igh  p r i o r  
p r o b a b i l i t y  placed on North Peninsula stocks. This  i s  adjusted f o r  by the  Cook 
and Lord procedure. 
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two per iods,  (approximate bootst rap P-val=.Ol and .00, respec t i ve l y )  b u t  dropped 
t o  on l y  34% the  t h i r d  p e r i o d  (approximate boots t rap  P-val= .00). Th is  t h i r d  p e r i o d  
corresponds t o  a  sample a f t e r  f i s h i n g  was opened nor theas t  o f  t he  Three H i l l s  
Sect i on. 

Estimated 1988 B r i s t o l  Bay Con t r i bu t i on  

We made the  assumption t h a t  a l l  age classes except 2.2 and 2.3 were f i s h  o f  North 
Peninsula o r i g i n ,  and assumed t h a t  t he  age 2.2 and 2.3 had a  s i m i l a r  d i s t r i b u t i o n  
o f  o r i g i n .  Fur ther ,  we assumed t h a t  those weeks where the  p r o p o r t i o n  o f  age 2.3 
f i s h  o f  B r i s t o l  Bay o r i g i n  was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t l y  d i f f e r e n t  from 
zero (P-val > .05), as judged by t h e  boots t rap  method, and f o r  those weeks w i t h  
no sampling, t he  e n t i r e  catch was o f  North Peninsula o r i g i n .  This  r e s u l t e d  i n  
es t ima t ing  t h a t  a l l  f i s h  except those i n  t he  Cape Senivian t o  Strogonof Po in t  
f i s h e r i e s  i n  s t a t i s t i c a l  weeks 26-29 were o f  North Peninsula o r i g i n .  The f i s h e r y  
opened nor theas t  o f  t h e  Three H i l l s  Sect ion du r ing  the  middle o f  s t a t i s t i c a l  week 
28, b u t  t h e  sca le  sample f o r  t h a t  week came from the  Monday o f  t h a t  week - -  
be fore  t h e  opening. For t h i s  reason the  p ropo r t i on  o f  age 2.3 f i s h  o f  B r i s t o l  
Bay o r i g i n  was assumed t o  be the  same as t h e  f o l l o w i n g  week's est imate - -  perhaps 
o v e r s t a t i n g  the  ex ten t  o f  t he  B r i s t o l  Bay s tock  c o n t r i b u t i o n  t o  the  North 
Peninsula f i s h e r y .  Table 9  g ives  these r e s u l t s .  Using the  methods and assumptions 
descr ibed above, we est imated t h a t  approximately 296,000, o r  s l  i g h t l y  l e s s  than 
24% o f  t h e  Harbor Po in t  t o  Strogonof Po in t  sockeye salmon harvest  was f i s h  o f  
B r i s t o l  Bay o r i g i n  i n  1988. 

North Peninsula Stocks i n  t h e  Ugashi k  D i s t r i c t  

A f i v e - s t o c k  model was developed t o  i n v e s t i g a t e  the  p o s s i b i l i t y  t h a t  t he re  were 
l a r g e  i n t e r c e p t i o n s  o f  North Peninsula age 2.3 f i s h  i n  t he  Ugashik D i s t r i c t .  
This  model had f a i r  accuracy (74% accuracy w i t h  equal p r i o r s ) .  Because o f  t he  
l a r g e  number o f  s tocks and t h e  r e l a t i v e l y  small sample s izes,  t he  Cook and Lord 
adjustment was n o t  used here. Less than 5% o f  t he  sampled f i s h  c l a s s i f i e d  t o  
the  Nor th  Peninsula i n  each o f  t he  th ree  per iods studied.  The exact  est imates 
were 5% North Peninsula f i s h  i n te rcep ted  i n  pooled s t a t i s t i c a l  weeks 23-28 (May 
29th - J u l y  9 th ) ,  1% in te rcep ted  i n  s t a t i s t i c a l  week 29 ( J u l y  10th -16th) ,  and 
3% in te rcep ted  i n  s t a t i s t i c a l  week 30 ( J u l y  17th - 23). While resources were 
n o t  s u f f i c i e n t  t o  generate approximate boots t rap  s i g n i f i c a n c e  p r o b a b i l i t i e s  here, 
these r e s u l t s  seem p e r f e c t l y  cons i s ten t  w i t h  the  hypothesis t h a t  t he re  were no 
North Peninsula f i s h  harvested i n  t he  Ugashik D i s t r i c t  i n  1988. Assuming t h a t  
5% o f  t he  Ugashik d i s t r i c t  harvest  du r ing  s t a t i s t i c a l  weeks 23 - 30 was o f  North 
Peninsula o r i g i n  i n  1988, then approximately 75,000 sockeye salmon o f  North 
Peninsula were i n te rcep ted  i n  t he  Ugashik d i s t r i c t .  It i s  important  t o  r e a l i z e  
t h a t  these r e s u l t s  a re  a l so  cons is ten t  w i t h  the  hypothesis t h a t  75,000 North 
Peninsula sockeye salmon were i n te rcep ted  i n  t he  North Peninsula. I n te rcep t i ons  
o f  North Peninsula stocks o f  100,000 o r  more sockeye salmon would be very  hard 
t o  de tec t .  This  i s  because these North Peninsula f i s h  would be d i l u t e d  i n  almost 
1.5 m i l l  i o n  sockeye salmon t h a t  were caught i n  t he  Ugashi k d i s t r i c t  du r ing  these 
weeks, and both North Peninsula stocks have h igh  m i s c l a s s i f i c a t i o n  i n  t he  f i v e -  
s tock  model t h a t  was used. 



The 1989 Fishery 

I n  1989, conservat ion considerat ions l i m i t e d  the  Cape Seniav in t o  Strogonof Po in t  
f i s h e r y .  The area nor theas t  o f  t h e  Three H i l l s  Sect ion was f i s h e d  on l y  du r ing  
a  s i n g l e  18 hour opening on J u l y  5th.  F i sh  captured du r ing  t h i s  opening were 
sampled, and scales from age 2.2 f i s h  were d i g i t i z e d .  S i m i l a r l y  over  200 age 
2.2 scales from each o f  the  Bear River,  Nelson Lagoon and Ugashik systems were 
used t o  cons t ruc t  a  l i n e a r  d i sc r im inan t  model. A two-stock model, poo l i ng  Bear 
R iver  and Nelson Lagoon, performed w e l l  l a r g e l y  because most Ugashi k  scales 
showed "p lus  growth" a f t e r  t he  f i n a l  f r esh  water growth per iod ,  and t h i s  growth 
was absent i n  a l l  Nor th Peninsula scales examined. See Table 10 f o r  t h e  confus ion 
m a t r i x  f o r  t he  1989 two-stock model. A f t e r  the  Cook and Lord adjustment, 44% o f  
these age 2.2 f i s h  from the  Cape Seniavin t o  Strogonof Po in t  are, caught du r ing  
t h e  18 hour opening, c l a s s i f i e d  t o  B r i s t o l  Bay. Because catches are  summarized 
by s t a t i s t i c a l  week, and because t h e  samples from t h i s  18 hour opening are  n o t  
rep resen ta t i ve  o f  t he  e n t i r e  week, i t  i s  n o t  poss ib le  t o  est imate what t he  number 
o f  B r i s t o l  Bay sockeye salmon in te rcep ted  i n  t he  Cape Seni av in  t o  Strogonof Po in t  
i n  1989. Not ing  t h a t  80.7% o f  t he  harvest  du r ing  t h i s  s t a t i s t i c a l  week was o f  
age 2.2 o r  2.3 (James McCull ough, personal communication), and assuming a  s i m i l a r  
age composit ion f o r  t h e  18 hour opening, and assuming the  i n t e r c e p t i o n  p a t t e r n  
was s i m i l a r  f o r  age 2.2 and 2.3, and assuming no i n te rcep t i ons  o f  any o the r  age 
c lass,  then approximately 36% o f  t he  harvest  du r ing  the  18 hour opening was 
sockeye salmon o f  B r i s t o l  Bay o r i g i n .  This  su re l y  overest imates what t h e  ac tua l  
i n t e r c e p t i o n  r a t e  was f o r  t h i s  week, as on l y  18 hours were open i n  t h e  area w i t h  
the  h ighes t  i n te rcep t i ons .  This  might  be thought o f  as a  reasonable est imate o f  
what t h e  i n t e r c e p t i o n  r a t e  would have been, i f  t h e  Strogonof Po in t  area had been 
open a l l  week. 

The 1987 Fishery 

Prev ious ly  unanalyzed scales from 1987 were d i g i t i z e d  from t h e  2.3 age c lass .  
The 2.3 age c lass  made up 49.3% o f  t he  Cape Seniav in t o  Strogonof Po in t  sockeye 
salmon harvest  i n  1987, al though the  escapement o f  Nelson and Bear Rivers 
comprised 2.8% and 31.2% o f  t h i s  age c lass,  r e s p e c t i v e l y  (McCul 1  ough, 1989). 
S l  i g h t l y  over  200 scales from the  escapements o f  Nelson Lagoon, Bear River ,  and 
Ugashik systems were d i g i t i z e d ,  and d i sc r im inan t  models were cons t ruc ted  as 
descr ibed above. A th ree-s tock  model had 72% accuracy, w i t h  Ugashik 
m i s c l a s s i f y i n g  t o  B r i s t o l  Bay Stocks 28% o f  the  t ime, and Bear R iver  and Nelson 
Lagoon m i s c l a s s i f y i n g  t o  Ugashik 8% and 16% o f  t he  t ime, respec t i ve l y .  A s imp ler  
two s tock  model had 80% accuracy w i t h  Ugashi k  and the  North Peninsula stocks 
each m i s c l a s s i f y i n g  approximately 20% o f  t he  t ime (see Table 11 f o r  t h i s  
confus ion m a t r i x ) .  Using t h i s  model, on a  sample o f  scales c o l l e c t e d  on J u l y  
7 t h  ( s t a t i s t i c a l  week 28), a f t e r  t h e  opening nor theas t  o f  t h e  Three H i l l s  
Sect ion, an est imated 41% o f  the  age 2.3 sockeye salmon caught south o f  Strogonof 
Po in t  were o f  B r i s t o l  Bay o r i g i n .  On J u l y  14th the  est imated i n t e r c e p t i o n  o f  
B r i s t o l  Bay s tock  c o n t r i b u t i o n  had cl imbed t o  71%. Assuming t h a t  on l y  age 2.2 
and 2.3 age f i s h  were p o t e n t i a l l y  o f  B r i s t o l  Bay o r i g i n ,  and t h a t  2.2 aged 
sockeye had a  s i m i l a r  i n t e r c e p t i o n  pa t te rn ,  and t h a t  i n te rcep t i ons  occurred o n l y  
i n  s t a t i s t i c a l  weeks 28 and 29, then i n  1987 approximately 150,000 B r i s t o l  Bay 
bound sockeye salmon were i n te rcep ted  i n  t he  North Peninsula f i s h e r y  i n  t h e  
v i c i n i t y  on Strogonof Po in t .  This  f i g u r e  may understate the  actual  i n te rcep t i on ,  
as the re  were 1  i k e l y  t o  be nonzero i n t e r c e p t i o n  r a t e s  i n  weeks n o t  examined. 



DISCUSSION 

The f i r s t  goal was t o  f i n d  ou t  whether scale p a t t e r n  ana lys i s  can be used t o  
d i s c r i m i n a t e  between stocks i n  t h e  Nor th  Peninsula sockeye salmon f i s h e r i e s .  
When combined w i t h  an ana lys is  o f  age classes, m u l t i v a r i a t e  s t a t i s t i c a l  methods 
have been shown here t o  be a workable means o f  a l l o c a t i n g  t h e .  North Peninsula 
sockeye salmon harvest  t o  management area o f  o r i g i n .  With the  resources committed 
t o  t h i s  p r o j e c t  i n  1988, t he  accuracy and p r e c i s i o n  seem t o  produce r e s u l t s  t h a t  
meet o r  exceed present  management needs. We are now i n  a p o s i t i o n  t o  make some 
d e f i n i t e  statements about s tock  composit ions i n  t he  North Peninsula f i s h e r i e s .  

F i r s t ,  t he re  i s  no evidence t h a t  subs tan t i a l  numbers o f  B r i s t o l  Bay sockeye 
salmon were i n te rcep ted  i n  Harbor Po in t  t o  Cape Seniav in f i s h e r y  i n  1988. Indeed 
these data  suggest t h a t  age 2.3 sockeye salmon i n  these f i s h e r i e s  were 
e x c l u s i v e l y  o f  Nor th  Peninsula o r i g i n .  Three, four ,  and f i v e - s t o c k s  models 
y i e l d e d  s imi  1 a r  r e s u l t s ,  a1 though t h e  p r e c i s i o n  and accuracy decl ined as the  
number o f  s tocks increased. 

Second, t he re  i s  evidence t h a t  B r i s t o l  Bay stocks were present a t  low l e v e l s  i n  
t he  Cape Seniav in t o  Strogonof Po in t  f i s h e r y  i n  the  f i r s t  two per iods  1988, 
corresponding t o  f i s h i n g  south o f  t he  nor thern  boundary o f  t h i s  area. There i s  
a l so  s t rong evidence t h a t  B r i s t o l  Bay stocks were present  i n  1988 i n  h igh  l e v e l s  
a f t e r  f i s h i n g  North o f  Three H i l l s  Sect ion was allowed, beginning on t h e  5 t h  o f  
Ju l y .  We est imated t h a t  approximately 296,000 sockeye salmon were i n te rcep ted  
du r ing  the  per iods  studied.  These per iods covered 91% o f  t he  harvest  i n  t h e  Cape 
Seniav in t o  Strogonof Po in t  f i s h e r y  i n  1988. This  est imate may s l i g h t l y  overs ta te  
the  ex ten t  o f  t he  i n te rcep t i ons ,  as n o t  a l l  f i s h  caught i n  s t a t i s t i c a l  week 28 
were caught a f t e r  t he  opening nor theast  o f  the  Three Hi 11 s Sect ion. A1 t e r n a t e l y ,  
we may have s l  i g h t l y  understated the  i n t e r c e p t i o n  by assuming zero i n t e r c e p t i o n s  
i n  a l l  weeks i n  which the  est imated i n t e r c e p t i o n  r a t e  was low. Note t h a t  t he  
conclusions from t h i s  study are very  d i f f e r e n t  from the  ones drawn by S t r a t y  
(1975), t h e  on l y  source o f  in fo rmat ion  on the  North Peninsula sockeye salmon 
s tock  composit ion before now. 

I n t e r - y e a r  v a r i a t i o n  i n  f i s h  migra t ion ,  f l e e t  deployment, o r  i n t e r - y e a r  v a r i a t i o n  
i n  many o the r  f a c t o r s  may cause the  r e s u l t s  o f  a s ing le -year  study t o  be very 
mis leading.  Our study focused on t h e  year  1988, b u t  our examination o f  t h e  Cape 
Seniavin t o  Strogonof Po in t  f i she ry ,  a f t e r  t h e  opening o f  t he  Three H i l l s  
Sect ion, i n  1989 and i n  1987, revea ls  the  same p a t t e r n  - -  t h a t  o f  25% t o  50% 
i n t e r c e p t i o n s  o f  B r i s t o l  Bay sockeye salmon bound f o r  t he  Ugashik system i n  t h e  
v i c i n i t y  o f  Strogonof Point .  
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Table 1. Agreement and disagreement in aging of scales between Kodiak staff 
which developed age class estimates for North Peninsula 
escapements, and the technician that developed age class estimates 
for Bristol Bay in 1988. Rows represent different North Peninsula 
systems, and columns, the ages o f  salmon in that system. The 
number at the top of the cell represents the number of scales 
agreed on, the number on the bottom the number disagreed on. The 
numbers to the right of the table represent the number of scales 
aged for the system represented by that row. The overall rate of 
disagreement was 4%, and the maximum rate of disagreement for any 
system was 4%. 

AGE 
Unreadable 0. 1. 2. 

Ilnik Riv. 
Escapement 

Meshik R. 
Escapement 

Sandy Riv. 
Escapement 

Bear Ri v. 
Escapement 

Nelson La. 
Catch 



Table 2. D e t a i l e d  age composi t ion es t imates  f o r  t h e  two nor thern-most  No r th  
Peninsula f i s h e r i e s  i n  1988. 

F i  shery s t a t i s t i c a l 2  
Week 

Harbor P t .  t o  23 - 24 
Cape Sen iav in  25 

26 
2 7 
2 8 
2 9 
3 0 
3 1 
3 2 
33 
34 
35 
36-37 

Cape Seni a v i  n  
t o  S t rogonof  P t .  26-27 

2 8 
29 
30 
3 1 
32 
3 3 
34-37 

Est imated Age component3 
1.2 1.3 2.2 2.3 

To ta l  
Catch 

2 S t a t i s t i c a l  weeks a re  used here t o  ma in ta i n  compati b i  1  i t y  w i t h  o t h e r  Nor th  
Pen insu la  F i she ry  r e p o r t s .  The s t a t i s t i c a l  week begins on a Sunday, and ends 
on t h e  f o l l o w i n g  Saturday. I n  1988 s t a t i s t i c a l  week 24 r a n  f rom June 5 t h  t o  June 
11th. S t a t i s t i c a l  week 28 r a n  f rom J u l y  3rd t o  J u l y  9 th ,  and so on. 

3 Propo r t i ons  f o r  a l l  age c lasses  do n o t  n e c e s s a r i l y  add t o  one because minor  
age c lasses  a re  omi t ted .  



Table 3 .  Est imated major  age c lasses  (1.2, 1.3, 2.2, and 2.3) of B r i s t o l  
Bay and Nor th  Peninsula escapements i n  1988, w i t h  age c lasses  o f  
se lec ted  f i s h e r i e s .  

System Est imated Age C l  asses5 Major  Escapement 
1.2 1.3 2.2 2.3 Ages o r H a r v e s t  

B r i s t o l  Bay System Escapements 
Kv ichak 38% 41% 17% 2% 99% 4,065,216 
Branch 50% 37% 10% 0% 98% 194,630 
Naknek 28% 26% 19% 24% 96% 1 , 037,862 
Egegi k  6% 27% 48% 14% 95% 1,612,680 
Ugashi k  24% 10% 30% 28% 92% 642,972 
Wood 35% 61% 0% 0% 99% 866,778 
I gush i  k  27% 70% 0% 1 % 99% 170,454 
Nuya ku k. 21% 74% 0% 0% 9 5% 319,992 
Snake N A  N A  NA% NA% NA% 
Nush-Mu1 . 3% 95% 0% 0% 99% 163,210 
Togi ak 3% 95% 0% 0% 99% 309,012 

Nor th  Pen insu la  System Escapements 
1. Bear 0% 5% 41% 45% 90% 
2. Nelson 17% 20% 18% 43% 99% 
3. Sandy 62% 34% 2% 0% 99% 
4. I l n i k  6% 43% 0% 4% 53% 
5. Meshik 0% 9% 0% 1% 12% 

Nor th  Peninsula Harvest  Before J u l y  12th ( s t a t .  week 29) 
Harbor P t .  t o  

Cape Sen iav in  2% 20% 9% 67% 98% 226,174 

Cape Sen iav in  t o  
S t rogonof  P o i n t  7% 16% 25% 49% 98% 679,019 

4 Propo r t i ons  f o r  a l l  age c lasses  do n o t  n e c e s s a r i l y  add t o  one because minor  
age c l asses  are omi t ted .  



Table 4a. Mahalanobis d is tances between group cen t ro ids  f o r  2.2 age c lass  
i n  1988. 

From 
Sys tem Bear Nel son Ugashi k 

Bear 0 7.13457 12.84789 
Nel s 7.13457 0 3.86616 
Ugas 12.84789 3.86616 0 

Table 4b. Confusion m a t r i x  - -  number o f  observat ions and percent  c l a s s i f i e d  
i n t o  each system f o r  2.2 age c lass  i n  1988. 

From System Bear Nel son Ugashi k Tota l  

Bear 93 7 0 100 
% 93.00 7.00 0.00 100.00 

Nel son 14 72 14 100 
% 14.00 72.00 14.00 100.00 

Ugashi k 3 30 167 200 
% 1.50 15.00 83.50 100.00 

Tota l  110 109 181 400 
% 27.50 27.25 45.25 100.00 

P r i o r s  0.3333 0.3333 0.3333 

E r r o r  Count 
Rate 0.0700 0.2800 0.1650 0.1717 
P r i o r s  0.3333 0.3333 0.3333 



Table 5. Mahalanobis d is tance between cent ro ids  f o r  d i sc r im inan t  model us ing  
age 2.3 scales from Bear River,  Nelson Lagoon, Ugashi k, Naknek, and 
Egegik stocks i n  1988. 

From 
System Bear Egeg i k Naknek Nel son   gas hi k 

Bear 0 14.37937 5.66009 6.60081 8.82944 
Egeg 14.37937 0 5.38284 9.54457 5.18916 
Nakn 5.66009 5.38284 0 4.31787 1.01619 
Nels 6.60081 9.54457 4.31787 0 6.14780 
Ugas 8.82944 5.18916 1.01619 6.14780 0 



Table 6a. Confusion m a t r i x  - -  number o f  observat ions and percent  c l a s s i f i e d  
i n t o  each system f o r  age 2.3 sockeye salmon scales from Bear River ,  
Nelson Lagoon, and Ugashik stocks i n  1988. Not ice,  u n l i k e  the  
ac tua l  c l a s s i f i c a t i o n  model, t h i s  model uses equal p r i o r s .  

From System Bear Nel son Ugashi k Tota l  

172 17 10 Bear 199 
% 86.43 8.54 5.03 100.00 

Nel son 15 171 14 200 
% 7.50 85.50 7.00 100.00 

Ugashi k 9 14 177 200 
% 4.50 7.00 88.50 100.00 

Tota l  196 202 201 599 
% 32.72 33.72 33.56 100.00 

P r i  o rs  0.3333 0.3333 0.3333 

E r r o r  Count 
Rate 0.1357 0.1450 0.1150 0.1319 
P r i  o rs  0.3333 0.3333 0.3333 

Table 6b. 

Bear 
% 

Nelson 
% 

Ugashi k 
% 

Tota l  
% 

P r i o r s  

Rate 
P r i o r s  

Confusion M a t r i x  a f t e r  ad jus t i ng  p r i o r  p r o b a b i l i t i e s  t o  g i v e  more 
weight t o  North Peninsula. 

Bear Nel son Ugashi k Tota l  

E r r o r  Count 
.lo05 .lo50 .2950 0.1220 
.4500 ,4500 .lo00 



Tab1 e  7. P re fe r red  L inear  D isc r im inant  Funct ion f o r  Age 2.3 Sockeye t o  
d i s c r i m i n a t e  Bear River ,  Nelson Lagoon, and Ugashik Stocks. 

- 1 - - 1 
Constant = - . 5 X 1  COV X C o e f f i c i e n t V e c t o r = C O V  X 

j j j 

SYSTEM 

Bear Nel son Ugashi k 

CONSTANT 
V27 
V3 1 

, v47 
V56 
v57 
V62 
V9 1 



Table 8. Confusion m a t r i x  - -  number o f  observat ions and percent  c l a s s i f i e d  
i n t o  each system f o r  age 2.3 sockeye salmon scales from Bear River ,  
Nelson Lagoon, Ugashik, Egegik, and Naknek stocks. Not ice, u n l i k e  
the  ac tua l  c l a s s i f i c a t i o n  model, t h i s  model uses equal p r i o r s .  

Bear Egegi k Naknek Nel son Ugashi k  Tota l  

Bear 154 0 18 2 2 5 199 
% 77.39 0.00 9.05 11.06 2.51 100.00 

Egegi k 8 161 16 4 11 200 
% 4.00 80.50 8.00 2.00 5.50 100.00 

Naknek 24 18 7 9 2 5 53 199 
% , 12.06 9.05 39.70 12.56 26.63 100.00 

Nel son 16 3 14 161 6 200 
% 8.00 1.50 7.00 80.50 3.00 100.00 

Ugashi k  3 13 48 14 122 200 
% 1.50 6.50 24.00 7.00 61.00 100.00 

Tot  a1 205 195 175 226 197 998 
% 20.54 19.54 17.54 22.65 19.74 100.00 

P r i o r s  0.2000 0.2000 0.2000 0.2000 0.2000 

E r r o r  Count 

Rate 0.2261 0.1950 0.6030 0.1950 0.3900 0.3218 
P r i o r s  0.2000 0.2000 0.2000 0.2000 0.2000 



Table 9. Est imated numbers o f  sockeye salmon i n  two Nor th  Peninsula f i s h e r i e s ,  
by area o f  o r i g i n .  

P ropo r t i on  o f  Age- Harvest  o f  Harvest  o f  
S t a t .  Class From N. Pen. Nor th  Pen. B. Bay 
Week Harves t  1 .x 2.x O r i g i n  O r i g i n  
- - - -  - - - - - -  - - - - -  - - - - - - - - - - -  - - - - - -  

Harbor P t .  t o  
Cape Sen iav in  

2 5 5,829 
26 56,048 
2 7 81,889 
28 61,292 
29 20,425 
30 34,474 
3 1 27,480 
3 2 35,077 
33 54,311 
34 33,632 
3 5 58,542 
36-37 29,028 

Cape Sen iav in  
t o  S t rogonof  P t .  

26-27 100,355 1 
28 395,564 1 
29 183,100 1 
30 35,224 1 
3 1 10,695 1 
3 2 9,227 1 
33 2,618 1 
34-37 9,213 ------- 

1 
------- 

1,244,023 

From f o l l o w i n g  week's sca le  p a t t e r n  ana l ys i s .  Th i s  s t a t i s t i c a l  week t h e  
f i s h e r y  opened n o r t h  o f  t h e  Three H i l l s  Sec t ion  i n  mid-week, b u t  t h e  sca le  sample 
was f rom t h e  Monday be fo re  t h e  opening. Th i s  p r o p o r t i o n  may o v e r s t a t e  t h e  a c t u a l  
B r i s t o l  Bay component. 



' able  10. Confusion mat r ix  - -  number of  observa t ions  and percent  c l a s s i f i e d  
i n t o  each system f o r  age 1989, 2.2 sockeye salmon s c a l e s  from Bear 
River and Nelson Lagoon s tocks  pooled i n t o  a s i n g l e  s tock  l abe l ed  
North Pen., and Ugashik s tock  labe led  Br i s to l  Bay. 

From System B.Bay N .Pen .  Total 

B.  Bay 214 29 243 
% 88.07 11.93 100.00 

N .  Pen. 0 504 504 
% 7.50 100.00 100.00 

Total 2 14 533 747 
% 28.65 71.35 100.00 

P r i o r s  .45 .55 

Error  Count 
Rate 0.1193 .OOOO 0.0537 
P r i o r s  .45 .55 



' able  11. Confusion mat r ix  - -  number of  observa t ions  and percent  c l a s s i f i e d  
i n t o  each system f o r  age 1987, 2.3 sockeye salmon s c a l e s  from Bear 
River and Nelson Lagoon s tocks  pooled i n t o  a s i n g l e  s tock  1 abeled 
North Pen., and Ugashik s tock  l abe l ed  Br i s to l  Bay. 

From System B.Bay N.Pen .  Total 

B .  Bay 184 5 1 235 
% 78.30 21.70 100.00 

N .  Pen. 8 9 3 50 439 
% 20.27 79.73 100.00 

Total 273 401 674 
% 40.50 59.50 100.00 

P r i o r s  .53 .47 

Error  Count 
Rate 0.2170 ,2027 0.2103 
P r i o r s  .53 .47 



Tables 12a, 12b and 12c. Propor t ions and numbers o f  sockeye salmon est imated t o  
be o f  Ugashik s tock  i n  t he  Cape Seniavin t o  Strogonof Po in t  f i s h e r y  
by year  and ADF&G s t a t i s t i c a l  week. Note t h a t  t he  area nor theast  of 
t h e  Three H i l l s  Sect ion opened i n  s t a t i s t i c a l  week 28 i n  1987 and 
1988, bu t  opened i n  s t a t i s t i c a l  week 27 i n  1989. 

Table 12a. Estimated p ropo r t i on  o f  major age c lass  o f  Ugashik s tock.  

S t a t i s t i c a l  1987 1988 1989 
Week (age 2.3) (age 2.3) (age 2.2) 

n.d.' 10% n.d. 
n.d. 1 0% small 
4 1% 66% n. d. 
7 1% 66% n.d. 
n.d. n.d. n.d. 

Table 12b. Estimated propor t ions  o f  sockeye salmon harvests ( a l l  age 
c lasses)  est imated t o  be o f  Ugashik stock. 

S t a t i s t i c a l  1987 1988 1989 
Week 

Table 12c. Estimated i n t e r c e p t i o n  o f  sockeye salmon o f  Ugashik stock. 

S t a t i s t i c a l  1987 1988 1989 
Week 

2 6 n.d. n.d. 
2 7 n.d. 7,125' unknown 
28 68,798 201,025 0 
2 9 81,135 88,217 0 
30 n.d. n.d. 0 

'n.d. stands f o r  no data. 

8 While 36% o f  the  harvest  from a s i n g l e  18 hour opening i n  t h i s  week was 
est imated t o  B r i s t o l  Bay bound, the  p ropo r t i on  f o r  t he  e n t i r e  week can n o t  be 
estimated, bu t  must be much l e s s  than 36%, bu t  based on 1988 r e s u l t s  i t  i s  l i k e l y  
l a r g e r  than 7%. 

9 This f i g u r e  i s  f o r  s t a t i s t i c a l  weeks 26 and 27 combined. 



B R I S T O L  B A Y  

F i g u r e  1 .  Harbor P o i n t  t o  St rogonof  P o i n t  a r e a .  
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Appendix Table 1. L i s t  o f  sca le  v a r i a b l e s  used i n  c o n s t r u c t i n g  l i n e a r  d i s c r i m i n a n t  
models. C i  r e f e r s  t o  t h e  d i s tance  f rom t h e  beg inn ing  o f  t h e  des ig -  
na ted  zone t o  t h e  i t h  c i r c u l u s .  

Va r i  ab l  e 
v 1 
v 2 
v3 (v16) 
v4 
v5 (v18) 
v 6 
v7 (v20) 
v8 
v9 (v22) 
v 10 
v l l  (v24) 
v 12 

Va r i  ab l  e 
v3 1 

1 s t  Freshwater Annul a r  Zone 
Number o f  c i r c u l i  
Width o f  zone 
Distance, sca le  focus t o  c i r c u l u s  2 (CO-C2) 
Distance, CO-C4 
Distance, CO-C6 
Distance, CO-C8 
Distance, C2-C4 
Distance, C2-C6 
Dis tance,  C2-C8 
Distance, C4-C6 
Distance, C4-C8 
Dis tance,  f rom end o f  4 t h  c i r c u l u s  t o  end o f  
zone 
Dis tance,  f rom end o f  2nd c i r c u l u s  t o  end o f  
zone 
Dis tance,  C2 t o  end o f  zone 
Distance, C4 t o  end o f  zone 
R e l a t i v e  widths,  (v3 t o  v13)/v2 
Average i n t e r v a l  between c i r c u l i ,  v 2 / v l  
Number o f  c i r c u l  i i n  f i r s t  3/4 o f  zone 
Maximum d i  stance between 2 consecu t i ve  
c i  r c u l  i 
Re1 a t i v e  w id th ,  v29/v2 

2nd Freshwater Annular Zone 
Number o f  c i r c u l i  
Width o f  zone 
Distance, end o f  1 s t  annu la r  zone t o  C2 
Distance, end o f  1 s t  annu la r  zone t o  C4 
Distance, end o f  1 s t  annu la r  zone t o  C6 
Dis tance,  end o f  1 s t  annu la r  zone t o  C8 
Distance, C2-C4 
Distance, C2-C6 
Distance, C2-C8 
Distance, C4-C6 
Dis tance,  C4-C8 
Dis tance,  f rom end o f  4 t h  c i r c u l u s  t o  end 
o f  zone 



Appendix Tab1 e 1 (cont inued) . 

Var iab le  
v43 (v56) 

Var iab les  , 

v6 1 
v62 

Var i  abl  es 
v63 
v64 
v65 
v66 
v67 
v68 
v69 

Var i  abl  e 
v70 
v7 1 
v72 (v90) 
v73 
v74 (v92) 
v75 
v76 (v94) 
v77 
v78 (v96) 
v79 
v80 (v98) 
v8 1 
v82 (v100) 
v83 
v84 (v102) 
v85 

2nd Freshwater Annular Zone 
Distance, f rom end o f  2nd c i r c u l  us t o  end 
o f  zone 
Distance, C2 t o  end o f  zone 
Distance, C4 t o  end o f  zone 
R e l a t i v e  widths, (v33 t o  v43)/v3? 
Average i n t e r v a l  between c i r c u l i ,  v32/v31 
Number o f  c i r c u l i  i n  f i r s t  3/4 o f  zone 
Maximum d is tance between 2 consecut ive 
c i  r c u l  i 
R e l a t i v e  width,  v59/v32 

Freshwater P l  us Growth 
Number o f  c i r c u l  i 
Width o f  zone 

A1 1 Freshwater Zones 
To ta l  number annul a r  c i  r c u l  i 
Tota l  w id th  o f  annular zone 
Tota l  number o f  f reshwater  c i r c u l i  
To ta l  w id th  o f  f reshwater  zone, v2tv32tv62 
Re1 a t i v e  width,  v2/v66 
R e l a t i v e  width,  v62/v66 
Re1 a t i v e  width,  v32/v66 

1 s t  Marine Annular Zone 
Number o f  c i r c u l i  
Width o f  zone 
Distance, end o f  f reshwater  growth t o  C3 
Distance, end o f  f reshwater  growth t o  C6 
Distance, end o f  f reshwater  growth t o  C9 
Distance, end o f  f reshwater  growth t o  C12 
Distance, end o f  f reshwater  growth t o  C15 
Distance, C3-C6 
Distance, C3-C9 
Distance, C3-C12 
Distance, C3-C15 
Distance, C6-C9 
Distance, C6-C12 
Distance, C6-C15 
Distance, C9-C15 
Distance, f rom end o f  6 t h  c i r c u l u s  t o  end o f  
zone 
Distance, f rom end o f  3 r d  c i r c u l u s  t o  end o f  
zone 



Appendix Table 1 (cont inued) .  

Va r i ab le  
v87 
v88 
v89 
v90 t o  v104 
v105 
v 106 
v107 

Var i  ab l  e 
v 109 
v l l 0  
v l l l  
v112 
v113 

1 s t  Marine Annular Zone 
Distance, C3 t o  end o f  zone 
Distance, C9 t o  end o f  zone 
Distance, C15 t o  end o f  zone 
R e l a t i v e  widths, (v72 t o  v86)/v71 
Average i n t e r v a l  between c i r c u l i ,  v71/v70 
Number of c i r c u l i  i n  f i r s t  3/4 o f  zone 
Maximum d is tance between 2 consecut ive 
c i  r c u l  i 
R e l a t i v e  width,  v107/v71 

A1 1 Marine Zones 
Width o f  2nd marine zone 
Width o f  3 r d  marine zone 
To ta l  w id th  o f  marine zones, v71+V109+V110 
Re1 a t i v e  width,  v 7 1 / v l l l  
Re1 a t i v e  width,  v 1 0 9 / v l l l  
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